Phenotypic and phylogenetic studies were performed on 11 strains of a Microbacterium-like organism isolated from the surface of a smear-ripened cheese. The isolates were Gram-positive, catalase-positive, facultatively anaerobic, oxidase-negative, non-spore-forming, non-motile, small, slender rods and grew in 12 % (w/v) NaCl. Chemotaxonomic investigation revealed that all the isolates belonged unambiguously to the genus Microbacterium. They contained type B1 peptidoglycans with L-lysine as the diamino acid and glycolyl acyl types ; rhamnose and galactose were the cell wall sugars. The GMC content ranged from 69 to 72 mol %. The major menaquinones were MK-11 and MK-12 and the major fatty acids were anteiso C15 :0 and C17 :0 and iso C16 :0. Phylogenetic analysis of the 16S rRNA sequences of four isolates showed that they represented a new subline in the genus Microbacterium, with Microbacterium barkeri as their nearest phylogenetic neighbour. M. barkeri showed the highest sequence similarity to the isolates ; however, DNA-DNA hybridization showed that the isolates had only 38 % chromosomal similarity to M. barkeri. Based on the phylogenetic and phenotypic distinctiveness of the isolates, it is proposed that they be classified as a new Microbacterium species, for which the name Microbacterium gubbeenense sp. nov. is suggested. The type strain has been deposited as LMG S-19263 T ( l NCIMB 30129 T ). The GenBank accession number for the 16S rDNA sequence of the type strain is AF263563.
INTRODUCTION
Surface-ripened cheeses, e.g. Tilsiter, Limburger and Mu$ nster, are characterized by the development of largely undefined microbial communities on their surfaces (Valdes-Stauber et al., 1997) . At the beginning of ripening, yeasts predominate, metabolizing the lactic acid produced by the starter to CO # and H # O and producing NH $ , both of which processes increase the pH from 5n0 to 6n0 ; in addition, they produce growth factors such as vitamins (Pukro et al., 1951) . These changes permit the development of a Gram-positive, catalase-positive, salt-tolerant bacterial microflora composed mainly of members of the Micrococcaceae and coryneform bacteria (El-Erian, 1969 ; Lenoir, 1984 ; Eliskases-Lechner & Ginzinger, 1995 ; ValdesStauber et al., 1997) . Earlier studies reported that Brevibacterium linens represented 30 % of the bacterial microflora on the surface of smear-ripened cheese (ElErian, 1969 ; Brandl, 1980 ; Busse, 1989) . The importance of bacteria other than B. linens in the ripening process has been emphasized by Mulder et al. (1966) , El-Erian (1969) and Sauter (1986) , but few studies on the identification of the species present on the surface of smear-ripened cheese have been published. The coryneform bacteria that occur on the surface of Brick, (Seiler, 1986 ; Eliskases-Lechner & Ginzinger, 1995 ; Valdes-Stauber et al., 1997) .
The genus Microbacterium was established to accommodate a diverse collection of Gram-positive, non-spore-forming rods isolated during studies on lactic acid-producing bacteria (Orla-Jensen, 1919) . Originally, the genus contained four species, Microbacterium lacticum, 'Microbacterium flavum ', ' Microbacterium mesentericum ' and Microbacterium liquefaciens. Later, two more species were added, ' Microbacterium thermosphactum ' (McLean & Sulzbacher, 1953) and ' Microbacterium ammoniaphilum ', a glutamic acid-producing ' patent ' strain (Abe et al., 1967) . The genus Microbacterium was recognized as a very heterogeneous group, but extensive systematic studies have resolved these relationships. M. flavum and M. ammoniaphilum have respectively been reclassified as Corynebacterium flavescens and ' Corynebacterium ammoniaphilum ' (Barksdale et al., 1979 ; Collins et al., 1982) , while M. liquefaciens has been transferred to a new genus, Aureobacterium (Collins et al., 1983 ; Takeuchi & Hatano, 1998) . ' M. thermosphactum ', which is phylogenetically more closely related to Listeria and other low-GjC-content, Gram-positive bacteria than to other members of the genus Microbacterium, has been assigned to the genus Brochothrix (Sneath & Jones, 1976) . The Centers for Disease Control reported that bacteria in coryneform groups A-4 and A-5 belong to the genus Microbacterium (Hollis & Weaver, 1981 (Takeuchi & Hatano, 1998 ; Schumann et al., 1999) . 16S rDNA analyses have shown considerable phylogenetic intermixing of the genera Microbacterium and Aureobacterium (Rainey et al., 1994 ; Takeuchi & Yokata, 1994) . The presence of the -diamino acid lysine in the cell wall (B1-type peptidoglycan) is characteristic of Microbacterium (Schleifer & Kandler, 1972) and the presence of the -diamino acid ornithine in the cell wall (B2-type peptidoglycan) is characteristic of Aureobacterium (Yokota et al., 1993) . Members of Microbacterium and Aureobacterium exhibit very similar chemotaxonomic and phenotypic properties, including the presence of isoprenoid quinones MK-11, MK-12 and MK-13 and\or minor isoprenoid menaquinones MK-10 or MK-14 and N-glycolyl residues in the cell wall and GjC contents of 65-76 mol %. Extensive phylogenetic studies have recently resulted in the amalgamation of the genera Microbacterium and Aureobacterium into a redefined genus Microbacterium (Takeuchi & Hatano, 1998) .
In this paper, 11 isolates from the surface of a smearripened cheese that exhibited similar randomly amplified polymorphic DNA PCR and phenotypic patterns are identified using polyphasic taxonomy. Based on the results, a new species is proposed, Microbacterium gubbeenense sp. nov.
METHODS
Strain cultivation and maintenance. The strains used in this study (Table 1) were isolated from the surface of Gubbeen, an Irish farmhouse smear-ripened cheese. They were cultivated for 5 d at 30 mC on peptone\yeast extract agar (PYA) medium containing 1 % (w\v) peptone, 0n2% (w\v) yeast extract, 0n2% (w\v) NaCl, 0n2% (w\v) -glucose and 1n5% (w\v) bacteriological agar No. 1 (Takeuchi & Hatano, 1998) . Stocks of all strains were prepared in 50 % (w\v) glycerol and stored at k80 mC. Biomass for chemotaxonomic analysis was obtained by growing the strains aerobically in PYA without the agar (peptone\yeast extract broth ; PYB) on an orbital shaker at approximately 150 r.p.m. for 3 d before harvesting by centrifugation (10 000 g for 20 min). The cells were washed twice with sterile deionized water and freeze-dried. Biomass for molecular systematics studies was scraped from the surface of an agar plate and resuspended in 200 µl extraction solution [2 % (w\v) Triton X-100, 1 % SDS, 100 mM NaCl, 10 mM EDTA, 10 mM Tris\HCl, pH 8n0 ; autoclaved at 121 mC for 15 min] and stored at k20 mC until required.
Morphological, physiological and biochemical characterization. Cell morphology was determined by phasecontrast microscopy of cells grown on PYA, motility by the hanging-drop method, catalase production by the evolution of bubbles on the application of 3 % (v\v) H # O # to a colony and the ability to undergo a rod\coccus transformation as described by Cure & Keddie (1973) . Biochemical profiles were determined by the methods described by Takeuchi & Hatano (1998) . Nitrate reduction and hydrolysis of starch, aesculin, gelatin and Tweens 20, 40, 60 and 80 were tested by the methods described by Cowan (1974) . Commercially available API 20NE and API ZYM systems (API bioMe! rieux) were used to determine phenotypic and enzymic activities. API ZYM strips were read after 6 h and API 20NE strips after 24 and 48 h except for acid production, which was read after 72 h incubation. All biochemical tests were performed at 30 mC. The method of Pitcher & Malnick (1984) was used to detect methanethiol production. Skimmed milk powder, 30 g, was dispersed in 500 ml distilled water. A separate solution (500 ml) contained 2 % (w\v) bacteriological agar No. 1, 0n2% (w\v) -methionine, 0n2% (w\v) K # HPO % and 0n24 % (w\v) 5,5h-dithiobis-2-nitrobenzoic acid (Sigma). Both solutions were sterilized by autoclaving at 121 mC for 10 min, tempered to 50 mC and mixed ; 2 ml volumes were used to form slopes in Bijou bottles. Duplicate slopes were inoculated with loopfuls of culture from a PYA plate. The bottles were capped tightly and incubated at 30 mC for 10 d. The development of a bright-yellow colour due to the formation of an aryl mercaptan was considered as a positive result. B. linens (Collins et al., 1983) . Microbacterium barkeri (Takeuchi & Hatano, 1998 NCIMB 9909 T was used as the positive control in the detection of methanethiol production.
Chemotaxonomic methods. The peptidoglycan of the cell wall of all isolates was extracted as described by Staneck & Roberts (1974) and the amino acid composition was determined using a Beckman amino acid analyser. Menaquinones were extracted from freeze-dried biomass and purified using preparative TLC (Collins, 1994) . The purified menaquinones were resuspended in 50 µl n-hexane and 10 µl of each sample was injected onto a Spherisorb ODS column (250i4n6 mm i.d., 5 µm particle size ; Jones Chromatography) fitted to a Pharmacia LKB HPLC instrument. Acetonitrile\2-propanol (75 : 25) was used as the mobile phase and the peaks were detected at 254 nm. Retention times and peak areas were determined using an integrator (HP3396A ; Hewlett Packard). Polar lipids, extracted from freeze-dried biomass of the isolates, were examined by twodimensional TLC and identified by the procedures of Minnikin et al. (1984) . Samples for sugar determinations were prepared by hydrolysing 25 mg dried biomass in 1n5 ml 0n5 M H # SO % at 100 mC for 2 h. After cooling to room temperature, the hydrolysate was transferred to a 10 ml centrifuge tube and saturated Ba(OH) # was added until the pH reached 5n2-5n5. The precipitate was removed by centrifugation and the supernatant was evaporated to dryness, resuspended in 300 µl deionized water and separated by TLC using n-butanol\water\pyridine\toluene (10 : 6 : 6 : 1) as the developing solvent (Staneck & Roberts, 1974) . Fatty acids were determined by the method of Vancanneyt et al. (1996) and the acyl type by the procedure of Uchida & Seino (1997) .
Genomic DNA extraction. All strains were cultivated on PYA for 5 d at 30 mC. Biomass was scraped from the plates and lysed by resuspension in 200 µl extraction solution, containing 20 µl proteinase K (10 mg ml − "), 20 µl RNase A (10 mg ml − ") and 20 µl lysozyme (50 mg ml − ") and incubated for 1 h at 37 mC (Sambrook et al., 1989) . The cleared lysates were extracted by grinding with acid-washed glass beads (425-600 µm, Sigma) and phenol\chloroform\isoamyl alcohol (25 : 24 : 1), vortexed for 4 min and centrifuged at 14 000 r.p.m. for 5 min in a microcentrifuge. The clear upper phase, containing the DNA, was transferred to a sterile microcentrifuge tube, washed twice with phenol\ chloroform\isoamyl alcohol and then with chloroform\ isoamyl alcohol (24 : 1) to remove traces of phenol that might inhibit subsequent molecular procedures. The DNA was then precipitated with absolute ethanol at k20 mC, washed twice with 70 % ethanol and dried at 37 mC for 45 min. The DNA was then dissolved in 50 µl sterile water and the final concentration was estimated by agarose gel electrophoresis and ethidium bromide staining (Sambrook et al., 1989) .
DNA base composition. The base composition of the genomic DNA of all strains was determined by using the reversephase HPLC method of Tamaoka (1994) , with 0n5 M KH # PO % and methanol (95 : 5) as the mobile phase with detection at 245 nm. Analysis was performed on a Supelcosil LC-185 column (Supleco 4n6 mmi15 cm, 5 µm particle size). The molar GjC ratio was calculated using the method of Mesbah et al. (1989) .
Sequencing of genes encoding 16S rRNA. A large fragment (approx. 1500 bp) of the 16S rRNA gene was amplified by PCR from DNA for phylogenetic studies using universal primers. The first oligonucleotide, CO1, for the 5h end of the 16S rRNA gene, had the sequence 5h-AGTTTGATCCTG GCTCAG-3h and the second oligonucleotide, CO2, for the 3h end, had the sequence 5h-TACCTTGTTACGACTT-3h (Beresford & Condon, 1991) . Each reaction mixture (50 µl) contained 5 µl 10i NH % buffer, 1n5 µl 50 mM MgCl # , 1 µl dNTP master mix, containing 12n5 µmol of each dNTP, 2n5 µl 20 µM stock of each primer, 0n5 µl chromosomal DNA, 0n25 µl Taq polymerase (5 U µl − " ; Bioline) and enough sterile water to make the reaction mixture up to 50 µl. A Rapid Cycler PCR unit (Bio\Gene) was used for thermal amplification and was programmed as follows : 95 mC for 45 s, 45 mC for 30 s and 74 mC for 40 s for 35 cycles. Amplified 16S rDNA was purified from a 1n5 % agarose gel using a Nucleo-spin gene clean kit (Biogene) and sequenced using a Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems). Nucleotide sequences were obtained automatically using a 373A DNA sequencer (Applied Biosystems) using the protocol and software recommended by the manufacturer. The following primers were used at concentrations of 16 pM : universal M13 forward-reverse primers p27f (5h-AGAGTTTGATCMTGGTGAG-3h, positions 8-27 according to the Escherichia coli numbering system ; Brosius et al., 1978) , p357f (5h-CTACGGGRSGCAG-3h, positions 342-357), p692f (5h-AATTCCTGGTGTAGCG-GT-3h, positions 675-692), p926f (5h-AAACTCAAAGGA-ATTGACGG-3h, positions 907-926) and p1208f (5h-GAC-GTCAAGTCATCATGCC-3h, positions 1190-1208) (Lane, 1991) .
Phylogenetic analysis. The 16S rDNA sequences were aligned using   (Thompson et al., 1994) with Microbacterium nucleotide sequences derived from the RDP (Maidak et al., 1996) or from EMBL\GenBank. Evolutionary trees were inferred using four algorithms :
International Journal of Systematic and Evolutionary Microbiology 51 N. M. Brennan and others neighbour-joining (Saitou & Nei, 1987) , least-squares (Fitch & Margoliash, 1967) , maximum-likelihood (Felsenstein, 1993) and maximum-parsimony (Kluge & Farris, 1969) . Evolutionary distance matrices for the neighbour-joining and the least-square distance were generated (Jukes & Cantor, 1969) . The  package (Felsenstein, 1993) was used to generate trees with the four algorithms and trees were viewed using the TV package (Page, 1996) . The resultant unrooted tree topologies were analysed by bootstrap analysis based on 1000 resamplings using the programs  and  in the  package. The root of the unrooted tree based on the neighbour-joining method was estimated by using five outgroups : Arthrobacter globiformis DSM 20124 T (M23411), Micrococcus luteus DSM 20030 T (M3824), Cellulomonas turbuta DSM 20577 T (X83800) and B. linens DSM 20425 T (X77451).
DNA-DNA hybridization. DNA-DNA hybridization was carried out at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany, using the thermal denaturation method.
RESULTS AND DISCUSSION
The peptidoglycan of all 11 strains was found to be of the B1 type (Schleifer & Kandler, 1972) with lysine as the diamino acid. The sugars in the cell walls were rhamnose and galactose, the menaquinones were unsaturated MK-11 and MK-12 and the polar lipids were diphosphatidylglycerol, phosphatidylinositol and phosphatidylglycerol mannosides. The GjC content of the DNA was 69-75 mol %. Five strains (DPC strains 5282, 5284, 5288, 5290 and the type strain, LMG S-19263 T ) were checked for their fatty acid profiles and acyl type. The major fatty acids were anteiso C15 : 0 (43 % of the total), anteiso C17 : 0 (25-33 %) and iso C16 : 0 (15-20 %) and the acyl group was glycolyl. All of these properties are features typical of the genus Microbacterium (Takeuchi & Hatano, 1998) .
All isolates were Gram-positive, catalase-positive, non-spore-forming, motile rods, 0n5-3n0 µm in length and exhibited a typical coryneform morphology. Many cells were arranged at angles, forming V-shapes, but no primary branching was observed. They did not undergo the rod\coccus transformation exhibited by some genera of coryneform bacteria (Cure & Keddie, 1973) . Colonies on PYA were irregular, cream, matt, slightly raised and 1-5 mm in diameter. All isolates were oxidase-negative, facultative anaerobes and were capable of growth in PYB containing 5, 7, 10 or 12 (w\v) NaCl. nine strains (DPC 5281, 5282, 5283, 5284, LMG S-19263 T , DPC 5287, 5288, 5289 and 5291) hydrolysed gelatin. Methyl red and Voges-Proskauer tests were negative and hydrogen sulphide was not produced. Acid was produced from arabinose, mannose, glucose, galactose, trehalose, lactose and sucrose but not from rhamnose, melezitose, xylose, inulin, raffinose or ribose. All isolates assimilated gluconate, mannose, malate, citrate, propionate and fumarate and eight isolates (DPC 5282, 5283, 5284, 5285, LMG S-19263 T , DPC 5287, 5288 and 5291) assimilated N-acetylglucosamine. Adipate, caprate, phenylacetate, acetate and lactate were not assimilated. All isolates were positive for nitrate reductase and β-galactosidase activities but were negative for indole production and urease activity. The isolates produced alkaline phosphatase, esterase (2-naphthyl butyrate as substrate), esterase lipase (2-naphthyl caprylate as substrate), leucine arylamidase (-leucine 2-naphthylamide as substrate), acid phosphatase, naphthol-AS-β-1-phosphohydrolase, α-galactosidase, β-galactosidase, α-glucosidase, β-glucosidase and N-acetylglucosaminidase but did not produce lipase (2-naphthyl myristate as substrate), valine arylamidase, cystine arylamidase, trypsin, β-glucuronidase, chymotrypsin, α-mannosidase, α-fucosidase or arginine dihydrolase activity.
Almost complete 16S rRNA gene sequences ( 1400 nucleotides) of three isolates (DPC 5284, DPC 5285 and LMG S-19263 T ) were determined. Comparative sequence analysis revealed 100 % identity between the three isolates, thereby demonstrating their homogeneity. Sequence searches using the  program of the EMBL\GenBank databases and the RDP database revealed that the newly determined sequences were closely related to the genus Microbacterium ; 16S rDNA sequence similarities 91 % were found (Table 2) . A tree based on 16S rDNA sequences showing the phylogenetic relationships of the unidentified isolates to the genus Microbacterium is shown in Fig. 1 . It was evident from the 16S rDNA data that the closest phylogenetic relative of the isolates was Microbacterium barkeri. A sequence divergence of approximately 4 % existed between the isolates and M. barkeri, corresponding to 62 nucleotide differences. Chromosomal DNA-DNA hybridization experiments showed that isolates displayed only 38 % reassociation with the DNA of M. barkeri.
The isolates differed from their nearest phylogenetic neighbour, M. barkeri, in a number of important characteristics, including the assimilation of mannitol and propionate, acid production from rhamnose, melezitose and galactose and the ability to hydrolyse starch and grow in the presence of high salt concentrations (Table 3) . Taking 70 % DNA reassociation as the cut-off point for species delineation, and based on the physiological, chemical and molecular genetic findings, it was concluded that the isolates should be classified as a new species of the genus Microbacterium, for which the name Microbacterium gubbeenense sp. nov. is proposed.
Description of Microbacterium gubbeenense sp. nov.
Microbacterium gubbeenense (gub.been.enhse. N.L. neut. adj. gubbeenense of Gubbeen House, Ireland, where the cheese containing the organism is produced).
The description of the biochemical and morphological characteristics is based on the results of the study of 11 isolates. Colonies on PYA are irregular, cream, matt, slightly raised, 1-5 mm in diameter. Gram-positive, catalase-positive, facultative anaerobes, oxidase-negative, small, slender, motile rods, 0n5-2n0 µm in length. Many cells are arranged at angles to form V-shapes ; no primary branching is observed and a rod\coccus transformation does not occur. Growth occurs in the presence of 5, 7, 10 or 12 % (w\v) NaCl. Strains do not grow at 37 mC. Gluconate, mannose, malate, citrate, propionate and fumarate are assimilated but adipate, caprate, phenylacetate, acetate and lactate are not. Acid is produced from arabinose, mannose, glucose, galactose, trehalose, lactose and sucrose but not from rhamnose, melezitose, xylose, inulin, raffinose or ribose. Gelatin, Tweens 20, 40, 60 and 80 and starch are not hydrolysed. Methyl-red and Voges-Proskauer tests are negative and hydrogen sulphide is not produced. All isolates are positive for nitrate reductase and β-galactosidase activities but negative for indole production and urease activity. The organism produces alkaline phosphatase, esterase (2-naphthyl butyrate as substrate), esterase lipase (2-naphthyl caprylate as substrate), leucine arylamidase (-leucine 2-naphthylamide as substrate), acid phosphatase, naphthol-AS-β-1-phosphohydrolase, α-galactosidase, β-galactosidase, α-glucosidase, β-glucosidase and N-acetylglucosaminidase. The organism does not produce lipase (2-naphthyl myristate as substrate), valine arylamidase, cystine arylamidase, trypsin, β-glucuronidase, chymotrypsin, α-mannosidase, α-fucosidase or arginine dihydrolase activity. The cell wall peptidoglycan is of the B1 type, containing a glycolyl acyl group and -lysine as the diamino acid. The cell wall sugars are rhamnose and galactose and the menaquinones are unsaturated MK-11 and MK-12. The polar lipids are diphosphatidylglycerol, phosphatidylinositol and phosphatidylglycerol mannosides and the major fatty acids are 15 : 0 anteiso, 17 : 0 anteiso and 16 : 0 iso. The GjC content is 69-75 mol %. The type strain is LMG S-19263 T ( l NCIMB 30129 T ).
